Introduction
Therefore, there is a great demand to establish reliable biomarkers that could identify patients at higher risks of neoplastic progression who would hence greatly benefit from further monitoring and/or intervention. Emerging molecular tools promise to extend the diagnostic research of the endoscopist and open doors to population screening for ESCC. 9 An increasing evidence has shown that noncoding RNAs, such as microRNAs (miRNAs), long noncoding RNAs (lncRNAs), and circular RNAs (circRNAs), play an important role in the development and progression of multiple human cancers and could be used as prognostic factors and therapeutic targets for esophageal cancer. 10 CircRNAs are a class of noncoding RNA molecules that lack 5′3′ ends and a poly A tail, covalently forming closed continuous loops. 11, 12 In general, circRNAs are stable molecules, and some have functioned as efficient miRNA sponges with gene-regulatory ability. 13 CircRNAs, with their distinctive characteristics, have superior potential to serve as novel markers for human diseases. The list of endogenous circRNAs involved in cancer continues to grow; however, the functional relevance of the majority of endogenous circRNAs has yet to be discovered. 13 In one of our previous studies, we have provided evidence that circRNAs are differentially expressed in breast cancer (BC) and play an important role in carcinogenesis because they participate in cancer-related pathways and sequester miRNAs.
14 However, whether circRNAs are sensitive and specific biomarkers of ESCC and BC remains largely unknown. In this study, we used an Arraystar human circRNA array (Arraystar Inc., Rockvile, MD, USA) to construct a genomewide circRNA profile of ESCC compared with altered expression in BC, with the aim of exploring the potential functions of these circRNAs as diagnostic biomarkers.
Patients and methods

Ethics statement
This study was approved by the Institutional Review Board of Nanjing Medical University, China. Written informed consent was obtained from all participants included in the study.
Patients
Patients with ESCC were enrolled from the First People's Hospital of Yancheng in October 2016. Tissues in the cancer lesion and adjacent normal-appearing esophagus were collected from patients who underwent surgical resection and met the following criteria: 1) a pathologic diagnosis of ESCC; 2) no previous history of cancer; 3) HIV negative; and 4) no history of radiotherapy or chemotherapy before specimen collection. The recruitment process of patients with BC was detailed in a previously published paper.
14 Tissue samples were placed in RNA storage solution (Shanghai Biotechnology Corporation, Shanghai, China) and stored at -80°C until use. Tumor stages were determined according to the tumornode-metastasis (TNM) staging criteria. 15 
CircRNA microarray
The RNA was isolated with an RNeasy mini kit (Qiagen, Hilden, Germany) and analyzed using an 8*15K Arraystar human circRNA microarray V2 (Catalog No: AS-CR-H-V2.0). Sample preparation and array hybridization followed the manufacturer's protocol.
Bioinformatics and data analysis
We performed gene ontology (GO) analysis (http://www. geneontology.org) 16 to construct meaningful annotation of genes in any organism covering domains of biological processes, cellular components, and molecular functions. The log10(P-value) denotes the significance of GO term enrichment correlated to the genes producing differentially expressed circRNAs. Kyoto encyclopedia of genes and genomes (KEGG) analysis (http://www.genome.jp/kegg) 17 was carried out to confirm the pathway clusters covering molecular interaction and reaction networks in genes producing differentially expressed circRNAs.
Statistical analysis
The fold change in circRNA expression was calculated by comparing expression levels between cancer lesions and control tissues. Student's t-test was used to estimate the significance of the difference between the two groups. CircRNAs with fold change ≥2 and P<0.05 were considered to be statistically significant. We used the filter criteria of fold change ≥2 and P<0.01 to screen for common differentially expressed circRNAs shared by both ESCC and BC. The false discovery rate was used to adjust for P-values in microarray analysis. Agilent feature extraction software (version 11.0.1.1, Agilent, Santa Clara, CA, USA) was used to analyze the acquired array images. R software version 3.3.1 (https:// www.r-project.org/) 18 was used to perform quantile normalization and for GO and KEGG analysis. 
Results
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CircRNAs in esophageal and breast cancer characteristics of the patients are shown in Tables S1 and  S2 . When we set the criteria as fold change ≥2.0 and P<0.05 between cancer lesions and adjacent normal-appearing tissues, there were 744 differentially expressed circRNAs in ESCC and 1155 differentially expressed circRNAs in BC. For ESCC, 469 circRNAs were upregulated, and 275 circRNAs were downregulated. The top 10 upregulated and top 10 downregulated circRNAs for ESCC are listed in Table 1 . Hsa_circRNA_103670 was upregulated 20.3-fold, while hsa_ circRNA_030162 was downregulated 12.1-fold. For BC, 715 circRNAs were upregulated, and 440 circRNAs were downregulated. The top 10 upregulated and top 10 downregulated circRNAs of BC are listed in Table 2 . Hsa_circRNA_005230 was upregulated 12.2-fold, while hsa_circRNA_406225 was downregulated 12.4-fold. Figure 1 illustrates the hierarchical clustering analysis showing the distinct circRNA expression profiling in ESCC ( Figure 1A ) and BC ( Figure 1B ). Figure 2 shows the scatter plots demonstrating the heterogeneity of circRNA expression of ESCC cancer lesions ( Figure 2A ) and BC cancer lesions ( Figure 2B ) with their adjacent normal-appearing tissues. The expression of the circRNAs above the top reference line and below the bottom reference line changed by >2-fold.
Volcano plots were used to visualize the significantly differentially expressed circRNAs for ESCC ( Figure 3A ) and BC ( Figure 3B ).
When we set the criteria as the fold change in expression ≥2 between cancer and adjacent normal-appearing tissue and P<0.01, there were 22 common circRNAs in relation to both ESCC and BC. Among them, 11 were upregulated and 11 were downregulated (Table 3) .
GO enrichment and KEGG analysis
We further used GO analysis to explore the roles of these dysregulated circRNAs. The top 10 upregulated circRNAs in ESCC were related to positive regulation of cellular processes, biological processes, and macromolecule metabolic processes ( Figure S1A ), whereas the top 10 downregulated circRNAs in ESCC were related to positive regulation of cellular metabolic processes, RNA metabolic processes, and cellular processes ( Figure S1B ). In BC, the top 10 upregulated circRNAs were associated with negative regulation of cellular processes, biological processes, and macromolecule metabolic processes ( Figure S1C ), while the top 10 downregulated circRNAs were associated with the regulation of macromolecule metabolic processes, metabolic processes, 
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CircRNAs in esophageal and breast cancer and primary metabolic processes ( Figure S1D ). We further performed GO analysis on 22 dysregulated circRNAs shared in both ESCC and BC. Our data revealed that 11 shared upregulated circRNAs were involved in the regulation of signaling, cellular processes, and biological processes ( Figure S1E ), while 11 shared downregulated circRNAs were involved in the regulation of signaling and developmental processes ( Figure S1F ). In KEGG pathway analysis, for the top 10 upregulated circRNAs in ESCC, HTLV-I infection, cancer, and cGMP-PKG signaling were the top three pathways ( Figure S2A ). For the top 10 downregulated circRNAs in ESCC, Wnt signaling, ubiquitin-mediated proteolysis, and HTLV-I infection were the top three pathways ( Figure S2B ). Moreover, the top three KEGG pathways for the top 10 upregulated circRNAs in BC were MAPK signaling, neurotrophin signaling, and ubiquitinmediated proteolysis ( Figure S2C ), and the top three KEGG pathways for the top 10 downregulated circRNAs in BC were MAPK signaling, synaptic vesicle cycle, and hippo signaling pathway-multiple species ( Figure S2D ). For the 11 upregulated circRNAs shared in ESCC and BC, the three most enriched pathways in the KEGG analysis were endocytosis, thyroid hormone signaling pathway, and proteoglycans in cancer ( Figure  S2E ). The three most enriched pathways for the 11 downregulated circRNAs shared in ESCC and BC were proteoglycans in cancer, endocytosis, and pathways in cancer ( Figure S2F ).
Discussion
CircRNAs are RNA molecules in which a covalent linkage typically contains the exon sequences and a splice between an upstream 3′ splice site and a downstream 5′ splice site. 19, 20 CircRNAs have been hypothesized to function as miRNA sponges to offset the impact of miRNAs. In recent years, more roles of circRNAs such as sequestering proteins or regulating transcription have been discovered. 21 Studies have shown that abnormal circRNAs are involved in tumorigenesis and disease progression. [22] [23] [24] [25] However, whether they are general cancer biomarkers or cancer specific biomarkers is not clear. To distinguish the differentially expressed circRNAs between ESCC and BC, we performed a comparative study.
For ESCC, hsa_circRNA_103670 was the most upregulated circRNA and aligned with CNOT6L (CCR4-NOT transcription complex subunit 6 like, Gene ID: 246175), which is a main deadenylase complex regulating gene expression in eukaryotes. The most downregulated was hsa_circRNA_030162. This circRNA derives from the gene TPT1 (tumor protein translationally controlled 1, Gene ID: 7178), also called translationally controlled tumor protein (TCTP), 26, 27 which encodes a cell growth-associated protein and plays an important role in the development of various organisms. TPT1 has recently been identified as related to human skin squamous cell carcinoma and is targeted by miRNA-216b-5p in pancreatic cancer. 28, 29 For BC, the top upregulated circRNA was hsa_cir-cRNA_005230. It was spliced from the gene DNM3OS (DNM3 opposite strand/antisense RNA, Gene ID: 10062831), which produces a noncoding RNA (ncRNA) that is involved in the formation of miR-199a2 and miR-214. 30 These miRNAs have been reported to be downregulated in hepatocellular cancer. 31 The top downregulated circRNA was hsa_circRNA_406225. It aligned with the gene TAMM41 (TAM41 mitochondrial translocator assembly and maintenance homolog, Gene ID: 132001), which is a homolog of mitochondrial translocator assembly and maintenance protein. 32, 33 We observed 22 dysregulated circRNAs shared by both ESCC and BC. Among them, hsa_circRNA_002908 (hsa_ circ_0002908) was found to be upregulated in peripheral blood mononuclear cells of tuberculosis patients compared with those of paired healthy controls and may be an alternative biomarker for pulmonary tuberculosis.
34 Hsa_cir-cRNA_101436 (hsa_circ_0000567) can inhibit colorectal tumor growth and was upregulated in gefitinib-acquired resistant non-small-cell lung cancer cells. 35, 36 Hsa_cir-cRNA_103110 (hsa_circ_0004771) has been reported to be significantly expressed in BC14 and papillary thyroid carcinoma.
37 Hsa_circRNA_000950 (hsa_circ_0001525) and hsa_circRNA_104040 (hsa_circ_0075410) were listed 
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CircRNAs in esophageal and breast cancer in the top 10 downregulated circRNAs from a microarray on cutaneous squamous cell carcinoma. 38 The expression of hsa_circRNA_401977 (hsa_circ_0000567) was found to be downregulated in early stage lung adenocarcinoma tissues and cell lines. 39 These findings provided evidence of the role of circRNAs in tumorigenesis.
KEGG analysis indicated that differentially expressed circRNAs were associated with multiple cancers. Many pathways are related to cancer-related functions. For example, the Wnt pathway has vital roles in the prognosis of non-small-cell lung cancer and may have future clinical value. 40 The Hippo signaling pathway, consisting of the critical downstream effectors YAP/TAZ, contributes to the development of cancer by resulting in an overgrowth phenotype. 41 The MAPK signaling pathway is an essential process for CD97 to promote gastric cancer cell proliferation and invasion.
42
Our study has several limitations. First, the sample size is too small to make any reasonable conclusion. These results might not even be educational for further studies by other research groups. Differentially expressed circRNAs discovered in this study need further validation. Second, the paired t-test used in this study to compare circRNA expression between the groups may not have been appropriate for the microarray experiment. Other robust hyperparameter estimations need to be used to protect against hypervariable genes and improve the power to detect differential expression. 43, 44 Third, the study on the role of circRNAs in human cancers is still in its infancy, and a common standard for reporting and naming circRNAs is lacking. Fourth, we used tissue samples to detect circRNA. More easily acquired and noninvasive clinical samples, such as blood, urine, or saliva, should be explored as sources of biomarkers in future research.
Conclusion
In conclusion, circRNAs are promising candidates as valuable biomarkers for ESCC and BC, although circRNA research is still in its infancy, and the functional role of circRNAs in tumorigenesis is just starting to be elucidated. 
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